L

03/0b, Y0

R

el Ubd.oV AL

3155

AMERICAN JOURNAL OF INDUSTRIAL MEDICINE 29:131-141 (1996)

Mortality of Workers

at a Nuclear Materials Production Plant at Oak

Ridge, Tennessee, 1947-1990

Dana P. Loomis, PhD, and Susanne H. Wolf, RN, MPH

The Y-12 plant at Oak Ridge. Tennessee. produced nuclear matenials for the U.S. govem-
ment's nuclear weapons program beginning in 1943. Workers at Y-12 were exposed 1o low
dose, internal, alpha radiation and external, penetrating rodiation, as well as 1o beryllium.
mercury, solvents, and other industrial agents. This paper presents updated results from a
long-term mortality study of workers at Y-12 berween 1947 and 1974, with follow-up of whue
men through 1990 and data reporied for the first time for women and men of other races.
Vital status was determined through searches of the National Death Index and other records,
and the workers' mortality was compared io the national population’s using standardized
mortality ratios (SMRs). Total mortality was low for all Y.12 workers and total cancer
mortality was as expected. Among the 6.591 white men. there were 20% more lung cancer
deaths than expected (95% confidence interval [CI] 1.04~1.38). Death rates from brain

cancer and several lymphopoietic system cancers were also elevated among white men, with

SMRs of 1.28 and 1.46. Mortality from cancer of the pancreas, prosiate, and kidney was

* similarly elevated. There was evidence of excess breast cancer among the [,073 female

workers (SMR 1.21, 95% CI 0.60-2.17). Lung cancer mortality among these workers war-
rants continued surveillance because of the link berween internal alpha radiation exposure
and this disease, bur other agents. notably beryllium, also merit consideration as potential
causes of lung cancer. Other cancers and agents should also be investigated as part of a
co:nﬁrehensive studv of the health consequences of the producnon of nuclear weapons., -
v 1996 Wiley-Liss. Inc.
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INTRODUCTION

The Y-12 plant is part of a nuclear production and
research complex at Oak Ridge. Tennessee. now controlled

.by the U.S. Department of Energy, but established during
_the second world war 1o support the federal government’s
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development of nuclear weapons {Frome et al.. 1990].
Workers at Y-12 were exposed to relatively low doses of
internal. alpha radiation and external, penetrating radiation,
as well as to beryllium. mercury. solvents. and qther indus-
tial agents.

Efforts to study the health of workers at Y-12 have
focussed principally on determining the effects of iomizing
radiation. The moruality expenence of white men employed
at Y-12 between 1947 and 1974 and followed through 1979
was last.reported in 1988 [Checkoway et al.. 1988, Relative
to the U.S. population, these workers had low monality
overali, but experienced a modest excess of mortality from

. lung cancer (standardized mortality ratio [SMR] 14, 95%

confidence interval [CI] 1.1=1.7) and exrcsses of monality
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from brain cancer and a group of other lymphopoietic sys-
tem cancers (ICD-8 202, 203. and 208) that were somcwhal
larger in relative terms (SMR 1.8 and 1.9, respectvely), but
based on small numbers of deaths. Lung cancer mortality
was quantitatively related to alpha and gemma radiauon
dose (Checkoway ct al., 1988). .

In this paper, we present the results of an ongotng mor-
tality study of workers employed at Y-12 between 1947 and
1974, updating the follow-up of white men through 1990. In
addition, we report for the first time on the mortality cxpe-
rience of women and non-white men employed at Y-12
berween 1947 and 1974, who were omitted from the earlier
report. Workers who were active at Y-12 between 1947 and
1974 but also had experience at the plant before 1947, when
it produced enriched uranium’ (see below), were also ex-

+ cluded from the earlier report. and their mortality expen-

ence is considered here. as well.

MATERIALS AND METHODS
Plant History and Operation

. The nuclear production plant now known as Y-12 be-
gan operation in 1943 under the management of Tennessee

Eastman Corporation. The primary activity at this time was .

the production of enriched uranium (F°U) for atomic weap-

. ons, using an electromagnetic process of enrichment {Cra-

gle et al., 1984). In 1947. the Union Carbide Corporation
assumed management of Y-12 on behalf of the government.
The production of enriched uranium at the plant was dis-
continued, and its function shifted to research, fabrication,

.and assembly of nuclear materials for use in weapons. and
the recycling of nuclear products and recovery from them of

radioactive: materials. , ) .

The production processes-at Y-12 remained relauvely
constant after 1947. They involved the conversion of ura-
nium hexafluoride (UF,) to uranium tetratluoride or *‘green
sal’’ (UF,), and its reduction in tum to uranium metal,
which was fabricated into parts of various configurauons.
Wastes ' from_the_manufacturing and machining processes
were recycled and the uranium was reused. Uranium wastes
from other facilities were also recycled a( Y-12.

Workers at Y-12 were exposed to beta and gamma
radiations from external sources as well as internally ex-

.posed to alpha radiation from ***U.and-¥*U. principally

through the inhalation of uranium-bearing dusts {Polednak
and Frome. 1986]. Other agents were also employed at
Y-12. including solvents, machine oils, mercury, lead. and
beryllium. g . :

Population Definition and Follow-Up

The potentially eligible population _wa; identified from
a data base of approximately 420,000 employees of 18 De-

partment of Energy (DOE) facilities maintained by the Cen-
ter for Epidemiologic Research of Oak Ridge Associated
Universities, Oak Ridge, Tennessee. This group included
workers employed at least 30 days at Y-12 between January
1, 1947 and December 31, 1974. The latter dale was dic-
tated by the dates of the original study and has been main-
tained for consistency with other reports. Approximately
5,200 otherwise eligible workers for whom the data base
indicated experience at other U.S. govemnment nuclear in-
stallations. in addition to Y-12, were excluded in order to
focus on conditions and exposures particular to Y-12 alone.
However. those Y-12 workers with experience in the ura-
nium enrichment plant operated at Y-12 by Tennessee East-
man between 1943 and 1947 were enumerated and sepa-
rately analyzed to detect possible differences in the
monality of workers also employed during this early period.

The eligible group consisted of 10,620 workers. How-
ever. 23 with erroneous or missing employment or demo-
graphic information were excluded, leaving a cohort of
6.591 white men, 922 white women, 449 men and 149
women of African-American descent. and another 3 men
and 2 women of other racial groups—38.116 workers in all—
who had worked only at Y-12 in 1947 or later, when it
produced fabricated metal products. Another 2,481 workers,
including 1,764 white men, 562 white women, 85 African-
American men, 69 African-American women, and | man of
other race had also worked at Y-12 before 1947 when en-
riched uranium was produced, yielding a cohort of 10,597
workers in total. :

Despitée identical eligibility criteria, the membership of
the present cohort of 6,591 white men with experience only
at Y-12 after 1946 was not fully congruent with that of the
cohort of 6.181 white men in the previous report on Y-12
[Checkoway et al., 1988]. This change was due to updates
of the cohort rosters, with the merging of duplicate records
for the same worker and deletion of workers initially listed
as white males but later found to be female, in addition to
the identification of more workers with experience at mul-
tiple nuclear installations.

The vital status of the population was determined from
searches of the National Death Index, records of the Social
Security Administration, the Health Care Financing
Agency. the Tennessee Depaniment of Motor Vehicles, a
credit and pension benefits research group. as well as per-
sonnel and benefits records and obiuaries. When access to

* Social Security records was discontinued in 1987, searching

the National Death Index, which includes all deaths in the
United States beginning in 1979. became the preterred
method for updating vital stats. The National Death Index
has been shown to provide virtually complete ascenainment
of deaths among men and among employed women (Boyle

" and Decoutlé, 1990; Stampfer et al., 1984], so individuals

known to be alive as of January 1, 1979 or later were as-
surned still alive at the end of the study if the National Death
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TABLE {. vital Status Ascertainment and Death Certficate Retneval for Oak Ricge, Tennesses Y-12 Workers and Selected Subgroups as of

Oscember 31 1630

Y-12 only, all workers

Y-12 only, whils males

Y-12 only, non-while males Y-12 only, all females

Cohont n Ye n Y [ % n %e
Vital status
Alive 6.049 74.5 4.806 72.8 373 82.5, 870 81.1
Deceased 1,861 22.9 1.728 26.2 58 12.8 74 6.9
Unknown 206 2.5 56 0.8 oA 4.7 129 12.0
Total* 8.116 100 6.591 100 452 100 1,073 100
Percent of deaths with certificate 98.5 99.0 100.0 85.1

oy

‘Percantages may aot 1dd 10 100 because of rounding.

Index gave no indication they had died. Workers lost to
follow-up earlicr were assumed alive only to the date of las(
contact. usually their last day of employment.

For every worker with a death indication, the cause of

death was ascertained through systematic searches for death

-certificates at all 52 vital. statistics reporting units in the

United States, Causes of death were coded by a qualified
nosologist according to the Intemational Classification of
Diseases Adapted for Use in the United States (lCD)
Exghlh Revision. .

Statistical Analysis

The roonality experience of Y-)2 workers was com-

pared to that of the U.S. populauon using a standard pro-

gram for modified life table analysis to compute SMRs’

indirectly adjusted for age and calendar time [Monson.
1974). Separate analyses were conducted for white men;
non-white men. and women. Workers with experience af the

- Y-12 site during the period before 1947. when it produced

enriched uranium. were considered separately from those
who worked only in later vears.-In all analyses, only the
underlying cause of death was considered. and the observa-

. tion period for workers whosé vital status'was unknown at

the end ofthe study-was cemorcd at the ume they were last
known alwc .

RESULTS

Among the 8.116 men and women emplioyed at Y-12
between 1947 and 1974, 74.5% were alive at the end of the
sudy, 23% were deceased. and the vital staws of 2.5%

-remained unknown. Within the cohort. there were differ-
"ences by sex and cthnic group. with higher loss o tollow-up
. among women and non-white men (Table [). In addition.

the proportion of workers ‘with death indications for whom

.

death certificates could be obtained was notably lower for
women (Table I).

The mortality experience of this group was somewhal
more favorable than that of the U.S. population at large, and

" cancer mortality was equal to that of the general population

(Table II). There were 202 deaths.from lung cancer, result-
ing in an SMR of 1.17 (95% CI =
somewhat Jarger but still modest excesses of deaths from
several less common cancers, including cancers of the pan-
creas, prostate, and kidney (Table IT). Based on relatively
small numbers of deaths, mortality from brain cancer and an
aggregate group of lymphopoietic cancers not classified
elsewhere (ICD 202, 203, and 208. hereinafter designated
**other lymphatic cancers"') was similarly elevated (SMRs
of 1.29 and 1.32, respectively). There was no notable excess
of mortality from any other cancer or from other causes
except symptoms, senility, and ill-defined conditions (Table
m. . . .
All cause montality among the 6.591 white males who
worked at Y-12 in 1947 or later was modestly lower than
that of the national population, and their mortality from all
cancers was as expected (Table III). There was a 20% ex-
cess of deaths from lung cancer relative to the national
population (95% CI = [.04-1.38). As in the full cohort,
there were also somewhat larger excesses of deaths from

" several less common cancers. including cancers of the pan-

creas (SMR = 1.32), prostate (SMR = 1.33), kidney (SMR
= 1.39), and brain (SMR = 1.28). Monality {rom the aggre-
sate group of other lymphatic cancers was also in excess,
with an SMR of 1.46.

Lung cancer monality among white men was examined
in detail to seck evidence of possible occupational causation

_(Table 1V). Excess lung cancer monality among this group

was confined to those who began working at Y-12 between
1947 and 1954. However. the excess did not appear until o
decade later. in the interval 1955-1964 (there was a deficit

1.01-1.34). There were’

w, Vv
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TABLE 11, Observed Deaths and Standardized Mortality Rabos (SMRs) for All Workars al the Oak Ridge. Tennessee Y-12 Nucisar Matenass Piant,

1947-1990
Cause ol dsath (ICDA code)* Observed SMR 95% Cr
All causes of dealn + 1,861 0.88 0.84-0.92
All infective and parasitic diseass (000~136) 9 0.38 0.17-0.72
All malignant neoplasms (140-209) 503 1.00 0.92-1.09
_Cancer of

Buccal cavity and pharynx (140~149) 3 0.21 0.04-0.62
Digestive organs and pertoneum (150~159) 106 0.85 0.70-1.03
Esophagus (150} 5 0.41 0.13-0.97

Stomach (151) 12 0.64 0.33-1.12,
Large intestine (153) 39 0.89 0.63-1.22
Rectym (154) 6 0.54 0.20-1.18
Liver and galibladder (155~156) 8 0.91 0.41-1.72
Pancreas (157) 34 1.36 0.94-1.90
Respuratory system (160-163) 209 1.15 1,00-1.32
Larynx (161) 5 0.75 0.24-1.76
Lung-—primary and secondary (162). 202 117 1.01-1.34
Bone (170} 1 0.62 0.01-3.45
Skin (172-173) - 1 1.07 0.54-1.92
Breast {famales only) (174) 1 1.21 0.60-2.17
All temale enital organs (180-184) . 2 0.36 0.04-1.30
Prostats (185) 36 1.31 0.91-1.81
Tostls (186-187) 0 - *0.00 0.00-1.59
Bladder (188) 8 072 . 0.31-1.42
Kidney (189) 16 1.30 0.74-2.11

" . Eyet (190) ) 0 0.00 . 0.00-10.62
Brain’and other central nervous syslem (191~192) 20 1.29 0.79-2.00
Thyroid® (193) . . 0 0.00 0.00-4.04
All ymphopoietic cancer (200~209) . ) 40 083 . 0.59-1.13
Lymphosarcoma and reticulosarcoma® (200) 4 050 0.14-1.28
" Hodgkin's disease {201) 3- c.62 0.13-1.83.
Leukemia and aleukemia (204-207) 11 0.60 0.30~1.07
Other lymphatic tissue® {202, 203, 208) 22 132 0.82-1.99
Benign neoplasms and neoplasms of unspecified nature (210-239) 5 0.79 0.26~1.85
Allergic, endocnne, metabolic, nutntional dissases® (240-279) 22 0.56 0.35-0.85
All diseases of blood and blood-forming organs (280-284) 6 1.23 0.45-2.68
Mental, psychoneurotic, and personality disorders® (290~317) 9 - . 056 0.25-1.06
All diseases of nervous system and senss organs (320-389) 13 T 055 0.29-0.93
All diseases of cm:ulazory system (390-458) 810 0.83 0.78-0.89
Al respiratory diseases (460-519) 112 0.85 0.70-1.03
All diseases ol digastive system (520~577) 61 0.60 0.46-0.77
All diseases of genitourinary system {580-629). 15 0.58 0.33-0.97
Chronic nephitis {582) 5 0.83 0.27-1.95
All diseases of the skin and cellular tissue (680~709) 0 0.0 0.00-2.02
" All diseases of the bones and organs of movement (710-738) - 1 0.23 0.00-1.30
Symptoms, senility, and lil-defined condrions (780-799) -72 271" 2.12-3.42
All external causes of death (800~338) 193 0.86 0.74-0.99
120 0.85 0.70-1.01

All accidents (800-849) ) -

YICOA-8. Intemational Classiication of olseascs. a.camea for yse 1n the Untsg Stales. &In Rmsnon

*35% Conficencs intarval.
SReference rates availabis only since 1950.
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TABLE [{l, Observed Deaths ana Standard:zed Mortahty Ratios (SMRs) for White Male Workers at the Oak Ridge, Tennesses Y-12 Nuclear Matenals

lant, 1947-1990

Cause of Daath (ICDA cods)" Obsarved SMR 95% CI*
All causes of death 1,728 0.91 0.86-0.95
All infective and parasitic diseass (000-136) . 8 0.40 0.17-0.78
" All malignant neoplasms (140-209) 458 1.02 0.03-1.12
Cancer of
Buccal cavity and pharynx (140-149) 3 0.23 0.05-0.68
Digesuve organs and pentonsum (150-159) 93 0.83 0.67-1.02
Esophagus (150) 5 0.46 0.15-1.08
Slomach {151) 10 0.59 0.28-1.09
Largs intesting (153) 33 0.84 0.58-1.17
Rectum {154) . ' 6 0.59 0.22-1.29
Liver and gallbladder (155-156) 8 0.92 0.39-1.81
Pancreas (157) 30 1.32 0.89-1.88
Respiratory system (160-163) 201 1.19 1.03-1.36
Larynx (161) 5 0.81 0.26~1.88
Lung—pnmary and secongary (162) 194 1.20 1.04-1.38
Bone (170) 0 0.00 0.00-2.53
Skin (172-173) 11 1.16 0.58-2.07
Prostate (185) . 35 1.33 0.92-1.85
Testis (186~187) 0 0.00 0.00-1.63
Bladder (188) . 8 .0.75 0.33~1.49
" Kidney (189) 16 1.39 0.80-2.26
Eye® (190) 0 0.00 0.00-11.58
Braln and other central nervous system (191-192) .18 1.28 0.76-2.02
Thyroid® {193) C 0 0.00 0.00-4.62
All lymphopoietic cancer (200-209) 39 0.90 0._64—1.22
" Lymphosarcoma and reticulosarcoma® (209) 4 0.55 0.15-1.41
Hodgkin's disease (201) 3 0.69 0,14-2.01
Leukemia and alevkemia {204-207) 10 0.60 0.29-1.10
Other Rymphaué tissue® (202.203,208) 2 1.46 0.92-2.22
Benign neoplasms and neoptasms of unspectied nature (210-2389) 3 0.55 0.11-1.60
Allergic, endocrine, metabolic. nulrional diseases® (240-~279). 21 0.62 0.38-0.95
All diseases of blood and blood-forming organs (280-284) 6 147 0.54-3.20
Mental, psychoneurotic, and personality disorders® (290-317) ] 0.67 0.31-1.27
All diseases of narvous System and sense organs (320-389) 13 0.62 0.33-1.06
Al diseases of circulatory system (390-458) m 0.87 0.81-0.93
All respiratory diseases (460-519) © - 106 0.88 0.72-1.07
All dlseas;s of digestive system (520-577) © 86 0.62 0.47-0.80
All diseases of genitourinary system (580~629) 12 0.55 0.28-0.96
Chronic nephntis (582) 5 0.97.- 0.31-2.27
" All giseaszs of the skin and cellular issue (680-709) 0 0.00 0.00-2.50
All diseases of the banes and organs of movement (710-738) 1 0.29 0.00-1.61
Symptoms. senillty, and ill-defined conditions (780-799) 66 2.93 2.273.73
Al externzl causes of death (800-398) 174 0.89 0.76-1.03
109 0.86 0.71-1.04

Al accicents (800-549)

YCDA-B, Intemationa) Classihcation of Dlseases. 36apled for uss in the Unitsd Statss. Bth Reision.

35% Conficencs Intarval, .
‘Refarence rates availabla only since 1950. *
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TABLE IV. Lung Cancer Mortaity of Qak Ridge.
Tennessee Y-12 Workers, 1847-1990, by Year of Hire,
Latency (Time Since Hire), Duraton of Empioyment,
and Calendar Year at Risk

Calendar year of hire Observed SMR?
1947-1954 161 127
1955-1964 24 0.96
1964-~1974 9 086

Latency (years)
<10 M 1.19
10-19 39 1.28
20-29 78 1.30
230 . 67 1.07

Duration (years) )
<5 69 1.23
5~10 28 .87
10-19 ' 4 1.87
20-29 . 45 111
230 1" 0.73

Calendar year at nsk
1947-1954 . 0 0.00
1955-1964 . 11 1.33
1965~-1974 37 127
1975~1979 45 1.59
1380~-1990 63 1.05

ISMR « Standardized mortality ratla.

of lung cancer at Y-12 initially), peaked in the late 1970s,
and disappeared by close of follow-up in 1990. When du-
ration of employment and latency were considered (Table
1V), lung cancer morality was greatest relative to the na-
tional population among men employed 5-20 years at Y-12
and with 10-30 years of follow-up since hire.

" Death rates from all causes and from all cancers were.

considerably more favorable among the 1,073 women who

" worked at Y-12 in 1947 or later than among the U.S. female

population (Table V). With only 31 cancer deaths in total
among the women in the ¥-12 workforce, the numbers of
deaths from specific cangers were small and the SMRs im-
precise. The largest proportion of cancer deaths were from
breast cancer (11 deaths), with 21% more deaths than ex-
pected (95% Cl = 0.6-2.2). Lung cancer morality (five
deaths) was lower than expected, and brain cancer and pan-
. creatic cancer mortality (two deaths each) were higher.
Non-white men with post-1946 experience at Y-12 also
had more favorable mortality experience than the national
non-white population for all causes and all cancers (Table
VI). This group was 99% African-American and very small,
with only 452 men, so the SMRs for specific causes of death
were imprecise, The largest proportion of cancer deaths was
due to cancers of the digestive system and peritoncum

(seven deaths), for which the SMR was greater than ex-
pected (SMR = 1.6). There was no €Xxcess of lung cancer,
and there were 100 few deaths from other cancers for mean-
ingful interpretation.

Addition of women and men who worked at the en-
nchmeat plant that existed at Y-12 before 1947, as well as
subsequently, did not matenally change the results for any
canse of death. Among this expanded cohort of 10,597
workers, there were 316 deaths from lung cancer, with a
modest excess relative to the national population (SMR =
1.17. 95% CI = 1.05-1.31). Excesses of brain cancer, lym-
phatic cancers other than lymphomas and leukemias, and
pancreatic cancer similar in magnitude and prccision to
those among workers employed only after 1946 were also
observed, but there was no noteworthy excess of deaths
from any other cancer.

DISCUSSION

We considered the mortality experience through 1990
of several cohorts of workers at the Y-12 nuclear materials
plant. White men with experience only at Y-12 in 1947 or
later were the largest of all the cohors considered. and their
mortality experience consequently dominated when they
were combined with other groups. White men expenienced
moderately lower death rates from all causes and discases of
the circulatory system than the national population, but es-
sentially the same rate of mortality from cancer. These pat-
terns are typical of indusmial cohoris (Fox and Collier,
1976). .
There were about 20% more lung cancer deaths than
expected among white men based on the mornality of the
national population. In absolute terms. this was equivalent
to 46 excess lung cancer deaths between 1947 and 1990
among all 10,597 Y-12 workers. Death rates from brain
cancer and an aggregate category of lymphopaiclic system
cancers other than lymphomas and specifically classifiable
leukemias (ICD-8 202, 203, 208) were also elcvated among
white men and the larger cohorts which included them, with
SMRs in the range of 1.2-1.5, as were morality rates from
cancer of the pancreas, prostate. and kidney. Including
workers who bad experience at the enrichment plantat Y-12
before 1947 did not change these patterns. The excesses of
lung cancer, brain cancer, and other lymphopoietic cancers
among white men are broadly consistent with previous ob-

-servations of this population based on follow-up through
1979 [Checkoway et al., 1988].

Workers in production areas of the Y-12 plant had doc-
umented inhalation exposures to internaily deposited alpha-
emitting radionuclides, which are acknowledged as a cause
of lung cancer (BEIR Commititee. 1988). External expo-
sures o penetrating beta and gamma-radiaticps. which also
occurred at Y-12. have also been associated v.ith lung can-
cer [BEIR Comminee, 1990]. A modest excee: of lung can-
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TABLE V. Obsarved Deaths and Standardized Mortatity Rabos (SMRs) for Female Workers at the Oak Ridge,
Tennessse Y-12 Nuclear Materals Plant, 1947-1923. Causes With No Deaths Omittad

Causs of geath (ICDA cods)® Observed SMR 95% CI*
Al causes of death 74 0.63 0.49-0.79
Al infectve and parasmic disease (000-136) 1 0.60 0.01-3.33
All malignant neoplasms (140-209) 31 080 0.55-1.14
Cancer of
Digesuve organs and peritonsum (150~159) + 6 0.76 0.28-1.66
Large wntesting (153) 4 1.16 0.31-2.98
Pancreas (157) ° 2 1.27 0.14-4.59
Respiratory system (160-163) 5 0.76 0.24-1.77
Lung—primary and secondary (162) 5 0.78 0.25-1.82
Breast (174) . 1 1.21 0.60~217
All gennal organs (180-184) 2 036 0.04-1.30
Brain and other central nervous system (131-192) 2 1.82 0.20-6.59
All lympnopoietc cancer (200~209) 1 0.30 0.00-1.68
Leuksmia and aleukemia (204-207) i 0.79 0.01-4.41
All diseases of circulatory system (390-458) 17 0.40 0.23-0.63
All respuratory diseases {(460-519) - 1 .16 0.00-0.88
- All diseases of digestive system (520-577) 2 0.35 0.04-1 25
Al diseases of genitounnary system (580-629) 2 1.00 0.11-3.62
Symptoms. sentlity, and ill-defined conditions (780-759) 2 1.30 0.154.71°
All external causes of death (800-998) 6 0.62 0.23-1.35
.5 0.87 0.28-2.03

All accidents (800-949)

4CDA-8. Intamational Classiication of DISRJSCS Waplag to{ use In me Ungtgg States. Sth Revision.

°35% Confidence intsrval,

cer has also becn observed among some subgroups of men .

. who worked at the enrichment plant between 1943 and 1946

(Polednak and Frome. 1986; Cookfair et al., 1988: Frome et
al.. 1990] and among welders at several Oak Ridge facilities
[Polednak. 1981]. Among the other agents present in the
plant, beryllium-is an established lung carcinogen [IARC.
1993; Steenland et al.. 1995], but no estimates of exposure
to-beryllium or other chemical agents were available for the
present study. Relative pattemns of mortality among Y-12
workers monitored for exposure to mercury and those not
monitored suggest that the excess of lung cancer monality
was not related to mercury, however {Cragle et al.. -1984].

Examining temporal patierns of SMRs cannot replace
analyses based-on quantitative data for exposure to specific
agents, Nevertheless. our observations in a detailed analysis
of lung cancer among white men that the excess of lung
cancer was largest among workers with 10-29 years latency
and 519 years of employment are consistent with the ep-
idemiological pattems that would be expected if an occu-
pational lung carcinogen were involved. Excess risk was not
associated with short-term’ employment (and presumably
low cumulative exposures to occupational agents). and al-

though workers with very long tenure had favorable mor- -

tality, this phenomenon is characteristic of industrial co-

RPN TN

horts, presumably because the healthiest workers tend to
remain employed the longest (Fox and Collier, 1976]. The
10-30 year range of latency associated with excess risk is
also consistent with expectauons for occupational lung car-
cinogens.

At Y-12, exposures 1o ionizing radiation were highest

T

in the early years of the plant’s operation, dunng a period of -

intensive weapons production. This temporal pattern of ex-
posure may account for the presence of excess lung cancer
risk exclusively among men who began work before 1955,
as well as the peak and subsequent decline of lung cancer
SMRs in the 1970s and 1980s. However. alternative expla-
nations for the rise and fall of SMRs must also be consid-
ered. including noncausal ones. The proportion of the cohort
with unknown vital status remained at 3% or less through
1989; but increased to 9% in 1990. Underascertainment of
deaths in this single year is unlikely to account for the
decline in observed lung cancer morality since 1985.

The magnitudes of the SMRs for lung cancer are also
modest enough that the observed excess morality could. in
principle. be due fo confounding by tobacco smoking if
Y-12 workers smoked more than the national population
[Comfield et al.. 1959]. However, empirical data indicate
that such differences in smoking practices are rare [Axelson
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TABLE VI. Observed Deaths and Standardized Mortailty Ralios {SMRs) for Causes of Death With One or More Deaths for
kon-White Maie Workers at the Oak Ridge, Tennesses Y-12 Nuclear Matenais Plant, 1947-1930

Cause of death (ICDA code)* Gbserved SMR 95% CI°
All causes of dsath 58 0.67 0.51-087
All mahgnant neoplasms (140-209) 13 0.86 0.46-1.45
Cancer of ’
Digestve organs and pentoneum (150-159) 7 1.63 0.65-3.36
Stomach (151} 2 234 0.26-8.46
Large intestne (153) 2 2.4 0.23-7.38
Liver and gallbladder (155-156) 1 2.1 0.03-11.75
Pancreas (157) S 2 217 0.31-9.99
Respiratory system (160-163). 3 0.56 *0.11-1.65
Lung—primary and sacondary (162) Ky 0.60 0.12-1.78
Bone {170) ) 1 18.12 0.24-100.83
Prostate (185) . . 1 0.83 0.01-4.59
Bemign neoplasms and neoplasms of unspeciied nature (210-239) 2 9.87 1.11-35.63
Allergic, endocnne, metabolic, nutntional diseases® {240-279) 1 0.52 0.01-2.91
All diseases of circulatory system (390-458) 16 0.55 0.31-0.89
All respiratory diseases (460-519) - S 1.1 0.36-2 59
All diseases of digestive system (520-577) 3 0.62 0.12-1.80
All diseases of geniloutinasy system {580-628) i 0.60° 0.01-3.34
Symptoms, senility, and ili-defined conditlons (780-739) 4 1.61 0.43-4.11
All external causes of death (800-338) . T 13 0.65 0.35-1.12
6 085 0.24-1.41

Al accidents (800-949)

$ICDA-S, Intemationa! Classiication of Diseases, adapted for use in the United Stales. 81h,Revision.

b95% Confidencs imerval. . .
<Reference rates avaliabla only since 1850.

and Steenland, 1988). More directly, the lack of elevated
monality from other tobacco-related diseases. such as non-
malignant respiratory disease and heart disease. is evidence
against the prevalence of smoking among Y-12 workers
being high endugh relative to the national population to
produce noteworthy confounding. :

High doses of-ionizing radiation have been ;shown to
increase the risk of brain cancer among laboratory animals
and humans [BEIR Committee. 1990). Excess montality
from brain cancer has also been reported at lower doses:
among workers at some nuclear facilities (Wilkinson et al.,
1987; Hadjimichael et al., 1983, but, in general. epidemi-
ological evidence that brain cancer has resulted from radi-
ation exposures in nuclear facilities is quite limited, Excess
risk of this disease has been more consistently reported in
association with exposure to solvents and oil mists and with
metal machining operations (Thomas and Waxweiler,
'1986). o

- The relationship of radiation dose to mortality from
brain cancer.was cxamined earlier in a case-control siudy of
workers at Y-12 and Oak Ridge National Laboratory {Car-
penter et al.. 1987]. Mortality from brain cancer was in-
creased among ’wo_rkcrs with internal lung doses of 0.15—

0.44 Sv, but not among those with higher intemal doses, or
in relation to extémal radiation dose. The study was ham-
pered by the small number of brain cancer cases. many of
whom lacked data on radiation dose. The same study also
yielded some evidence that brain cancer mortality at the two
facilities is associated with mercury, beryllium. cuiting oils,
and solvents, using subjective, semiquantitative exposure
scorcs developed by an occupational hygienist [Carpenter et

al.. 1988). Since metal machining, which potentially in- -~

volves oils and solvents, in addition to metal dusts. was one
of the principal activities at Y-12, any future investigation
of brain cancer at the plant should include further assess-
ment of these exposures. The mostality study of Y-12 work-
ers exposed 1o mercury also suggested excess brain cancer

deaths were associated with*exposure to that agent (Cragle -

ct al., 1984]. .
Excesses of multiple myeloma, which is included here
in the aggregate category of ‘“other lymphatic cancers.”’
have also been observed among nuclear workers. as well as
in populations with higher radiation doses (BEIR Commit-
tee. 1990}, and experimental evidence suggests that bone
marrow cancers in general might be associated with internal
alpha radiation exposures [BEIR Committee. 1988]. There
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were 9 deaths from multiple myeloma among the 8,116
Y-12 workers employed after 1947 exclusively, and 17
among the cohort of 10.597 workers that included those
who had also worked at the earlier ennchment plant on the
site. However, monality rates for multiple myeloma are not
available for the national population for the calendar penod

in question, so we could not formaily examinc this tumor ’

separatcly from the others with which it is grouped. Neither
other lymphosarcomas nor non-Hodgkin's lymphoma has
been strongly linked to occupational radiaton exposure at
contemporary levels {BEIR Commuttee, 1990]. The epide-
miological evidence conceming the relationstup of multiple
myeloma and the lymphomas to other occupational agents is
sparse [Savirz and Pearce, 1987].

Monality from cancer of the kidney, prostate. and pan-
creas was also elevated among white men at Y-12. How-
ever. the epidemiological evidence that cancers of the pros-
tate and pancreas are caused by ionizing radiation is
equivocal, at best [BEIR Committee, 1950]. Recent evi-
dence suggests that ionizing radiation can cause kidney can-
cer, but existing data are not adequate to indicate the doses
at which it does so [BEIR Commuttee, 1990). Internally
deposited uranium may have nephrotoxic effects, associated
principally with soluble compounds that were rare at Y-12
(BEIR Committee, 1988]. This is consistent with the ab-
sence of excess monality from chronic nephritis at Y-12.
Other occupational agents are associated with these cancers,
but none appear to be strongly linked with them. The oc-
currence of prostate cancer may be elevated among metal
warkers [van der Gulden et al.. 1992}, although possibly
through exposure 10 cadmium (Ernster et al., 1979}. Pros-
tate and kidney cancer may also be associated with expo-
sures 10 some petroleum-based compounds {Wong and
Raabe, 1989]. and there is evidence that pancreatic cancer is
associated with some solvents. as well [Lin and Kessler.
1981]. A modest excess of kidney cancer was reported

among Y-12 workers exposed to mercury [Cragle et al..

1984].

The small,” mostly African-American cohort of non-
white men employed at Y-12 had more favorable morality
experience than the national non-white population when all
causes of death and all cancers were considered. An excess
of gastrointestinal system cancers was observed. but the
number of deaths from this and other specific causes was
very small.

Women employed at Y-12 also had considerably lower
monality from cancer and other causes than U.S. women in
general during the same time interval. Low monality among
these female workers may be due to underascertainment of
deaths. since the vital status of 12% was unknown at the end
of follow-up, and death centificates could not be found for

.15% of women with death indications. Because of name
changes accompanying marnage and divorce. follow-up
* and death certificate retrieval are often less complete for
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women than for men. There is no reason to suspect that the
underascertainment is differential by cause of death or ex-
posure status, however. There was evidence of an excess of
breast cancer among femaie Y-12 workers, but the pumber
of deaths from other specific causes was too small for anal-
ysis.

In contrast to white men. neither women nor non-white
men who worked, at Y-12 expenenced excess monality
from lung cancer or the other cancers discussed above for
white men. Women and non-white men may have been
placed in different jobs than white men and may conse-
quenuy have had different exposures, particularly early in
the plant’s history. From the end of World War II until the
1970s. most women were cngaged in.clerical and suppon
activities. although they have occupicd a broader range of
jobs in more recent years.

The finding of excess breast cancer morality among
female workers 1s noteworthy in light of the widely docu-
mented relationship between this disease und exposure to
external.- penetraung radiation {BEIR Committee, 1990].
Few other occupational agents are thought to be causes of
breast cancer, although there is growing evidence that elec-
tromagnetic fields may be involved [Loomis et al., 1994;
John and Gammon, 1993]. We could not examine breast
cancer mortality in relaton to radiation doses or other oc-
cupational exposures, but such relationships would merit
further investigation among female nuclear workers.-How-
ever, because of the modest number of women employed at
Y-12, a study of this facility alone would be of hmucd
value.

A roughly three-fold excess of deaths attributed to
“‘symptoms. scnility and ill-defined conditions™ (ICD-8
780-799) was observed among Y-12 waorkers, confined
largely to.white men. This phenomenon is characteristic of
cohorLs employed at afl Oak Ridge instaliations [Wing et

. 1991: Frome et al., 1990). and appears to be a function
of death certification practices in Tcnncssce [Cragle and
Fercher. 1992).

CONCLUSIONS

Lung cancer mortality merits continued surveillance
among Y-12 workers because of temporal pattemns of risk
suggesting that some exposure which was most.inlense in
the first decade of the plant’s operation may have increased
the risk of this disease. Tonizing “radiation {s clearly of con-
cemn because of the well-established link between intemal
alpha radiation exposure and the development of lung can-
cer. However,.nonradiological exposures. beryllium in par-
ticular. should be also considered in future studies ‘of lung
cancer among this population. Neither the patterns of risk

- we observed nor the association of lung cancer with radia-

tion exposures in previous studies of this and other popu-
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lations [Checkoway ct al.. 1988; Beuw Commutee, 1988}
rule out a role for such agents.

Despite the relatively small numbers of deaths from
cancers at sites other than the lung, the findings of elevated
montality from brain cancer, lymphatic cancers other than
classified leukemias and lymphomas. and cancers of the
pancreas, prostate, and kidney among white men, and of
excess breast cancer among women, also ment further in-
vestigation. Radiological exposures arc again of clear con-
cemn. but the epidemiological literamre suggests that sol-
vents. clectromagnetic ficlds, and other agents are also
worthy of investigation.

- While the potential effects of exposure 1o chemical
agents used at Y-12 merit further investigation as part of a
comprehensive study of the health consequences of the na-
tional nuclear weapons program, there' was little evidence of
excess mortality from noncancer causes among this popu-
lation.
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